Our study explores the association between individual and neighborhood socioeconomic position (SEP) and all-cancer and site-specific cancer mortality. Data on all Belgian residents are retrieved from a population-based dataset constructed from the 2001 census linked to register data on emigration and mortality for [2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011]. The study population contains all men and women aged 40 years or older during follow-up. Individual SEP is measured using education, employment status and housing conditions. Neighborhood SEP is measured by a deprivation index (in quintiles). Directly age-standardized mortality rates and multilevel Poisson models are used to estimate the association between individual SEP and neighborhood deprivation and mortality from all-cancer and cancer of the lung, colon and rectum, pancreas, prostate and female breast. The potential confounding role of population density is assessed using multilevel models as well. Our findings show an increase in mortality from all-cancer and site-specific cancer by decreasing level of individual SEP for both men and women. In addition, individuals living in highly deprived neighborhoods experience significantly higher mortality from all-cancer, lung cancer, pancreatic cancer and female colorectal cancer after controlling for individual SEP. Male colorectal and prostate cancer and female breast cancer are not associated with neighborhood deprivation. Population density acts as a confounder for female lung cancer only. Our study indicates that deprivation at both the individual and neighborhood level is associated with all-cancer mortality and mortality from several cancer sites. More research into the role of life-style related and clinical factors is necessary to gain more insight into causal pathway.
Introduction
With an estimated 1.7 million deaths annually, cancer remains an important public health issue in Europe. 1 Cancer is a cause of death with persistent socioeconomic inequalities. Ample studies have shown an association between individual socioeconomic position (SEP) and all-cancer and site-specific cancer incidence, survival and mortality. [2] [3] [4] Recent research has increasingly paid attention to the role of our living environment on health and mortality. Several studies point to an independent association between area-level SEP and health and mortality, although the effect is generally smaller than that of individual SEP. [5] [6] [7] However, little is known on the association between area SEP and cancer mortality, 8 even though it might give insight into the complex etiology of cancer 9 and the development of social inequalities in cancer mortality. 10 Furthermore, results are not consistent: some studies report that individuals living in deprived neighborhoods experience higher cancer mortality than those living in affluent neighborhoods [10] [11] [12] [13] ; some studies find no significant association. [14] [15] [16] It is especially important to study sitespecific cancer mortality, as the association with area deprivation might differ by site due to their different aetiologies.
cause-specific mortality for a 10-year follow-up period. This enables us to study socioeconomic inequalities at both the individual and neighborhood level for all-cancer mortality and site-specific cancer mortality. Similar studies have been conducted in Australia 10 and the United States. 13 To our knowledge, this is the first large-scale study in Europe to look into the association between area SEP and all-cancer and site-specific mortality, while controlling for individual SEP. In line with trends in other European countries, declining mortality rates for the majority of cancers were observed in Belgium from the 1980s onwards. The main exception is female lung cancer mortality, for which mortality is still increasing. 18 However, cancer remains the leading cause of premature mortality in Belgium. 19 Compared to other countries in Western Europe, Belgium has relatively high levels of lung cancer mortality, especially among men, as well as higher female breast cancer mortality. 18, 20 Persistent socioeconomic (SE) inequalities in cancer mortality have been observed in Belgium during the 1990s and 2000s among men 21 and women, 22 with higher mortality among low-SEP individuals. Inequalities were especially large for preventable cancers related to behavioral change and medical interventions. 21, 22 In addition, previous research has shown an association between lung and head and neck cancer mortality and deprivation at sub-district and municipal level, respectively. 23, 24 However, the independent role of neighborhood deprivation on a range of cancers has not been studied so far.
The aim of our study is to explore the association between individual SEP and neighborhood deprivation and all-cancer and site-specific cancer mortality for Belgian males and females aged 40 years and older for the period 2001-2011. First, we will explore the relationship between (site-specific) cancer mortality and individual SEP and neighborhood deprivation separately. Second, we will look into the association between neighborhood deprivation and (site-specific) cancer mortality after adjusting for individual SEP. A secondary aim is to look into the potential confounding effect of population density. Previous studies found a higher mortality risk in densely populated areas, [25] [26] [27] especially for lung cancer mortality. 25 In addition, neighborhood deprivation had a stronger effect on mortality in areas that were densely populated compared to less densely populated areas. 25, 26 Population density could thus not only have a direct association to cancer mortality, but might also be a mediating factor in the association between neighborhood deprivation and cancer mortality. 28 Population density refers to the spatial concentration of inhabitants and represents a theoretically different concept from neighborhood deprivation, which represents the distribution of socioeconomic resources. 25 However, both have similar intermediary factors that mediate their impact on health, such as unhealthy physical and social environments, high consumption of tobacco and alcohol and unhealthy diets. 25, 26 In addition, area deprivation and population density might be associated to each other, as deprivation tends to be concentrated in areas with a high population density. A study in the United Kingdom showed that deprivation explained the majority of urban-rural differences in lung cancer incidence and survival. 29 Including population density might thus provide more insight into whether the effect of area deprivation differs by level of urbanicity and which of the two variables is the main risk factor for high mortality in certain areas.
Data and Methods

Data
Data on all Belgian inhabitants were collected from the 2001 Belgian census linked to population register data on emigration and cause-specific mortality for the follow-up period 2001-2011. To account for ageing during the follow-up period, age was included as a time-varying variable. The dataset was expanded by splitting individual follow-up times and person-years into 5-year age groups. 30 We selected individuals with the attained age of 40 years or older during the follow-up period (N 5 6,571,957). We limited the age group to start at age 40 due to the small share of cancer-related mortality below this age. The tenth revision of the International Classification of Diseases (ICD-10) was used to identify specific cancer sites. Our study looks at all-cancer mortality (C00-C95) and at the five most common cancer sites in Belgium 31 including cancer of the lung (C33-C34); colon and rectum (C18-C20); pancreas (C25); prostate (C61) and female breast (C50). Together, the studied cancer sites account for 56% and 50% of total male and female cancer mortality, respectively. The study was approved by the Belgian Commission for the Protection of Privacy.
What's new?
Studies investigating relationships between socioeconomic position (SEP) and cancer mortality in Europe have yielded inconsistent findings, particularly with regard to individual versus neighborhood effects. The present population-based study, conducted in Belgium, employed a multilevel framework to examine the effects of neighborhood deprivation on mortality from allcancer and several site-specific cancers, while controlling for individual SEP. Significantly higher site-specific cancer mortality was observed in disadvantaged neighborhoods. For all cancer sites included, a gradient of increasing mortality by decreasing individual SEP level was observed. The findings highlight the complexity of associations between cancer mortality and individual and contextual socioeconomic factors.
Individual characteristics
Individual SEP was measured at the time of the 2001 census using educational level, employment status and housing conditions. Education is based on the highest level of education attained and is categorized into four groups based on the International Standard Classification of Education (ISCED): (i) primary education or less (ISCED 0-1); (ii) lower secondary education (ISCED 2); (iii) upper and post-secondary education (ISCED 3-4) and (iv) tertiary education (ISCED 5-6). Employment status is categorized into employed, unemployed (looking for a job), retired and non-working (not looking for a job). The indicator for housing conditions consists of a combination of home ownership (tenant or owner) and housing quality (low-, mid-and high-quality dwellings). 32 In total, 16% of men and 19% of women were excluded as they had missing information on one of the SEP indicators.
Neighborhood characteristics
We used statistical sectors as a proxy for neighborhoods. 
Results
Absolute inequalities in cancer mortality
During the study period, 112,689 men and 82,415 women died from cancer, corresponding to an ASMR of 555.4/ 100,000 for men (95% confidence interval [CI] 552.1-558.6) and 399.0/100,000 for women (95% CI 396.2-401.7) ( Tables  1 and 2 ). Of the specific cancer sites, lung cancer has the highest mortality among men with an ASMR of 178.6/ 100,000 (95% CI 176.7-180.4). Among women, the highest site-specific morality rate is seen for breast cancer (ASMR: 77.9; 95%CI 76.7-79.1). The ASMRs not only show socioeconomic inequalities by individual SEP, but also show an increase in all-cancer and site-specific cancer mortality by increasing level of neighborhood deprivation.
Relative inequalities in cancer mortality
The results of the multilevel Poisson models show an association between individual SEP and cancer mortality as well (Tables 3 and 4 (Tables 3  and 4 , model 2) show a significant association between allcancer and site-specific cancer and neighborhood deprivation, with the exception of prostate cancer. Compared to those living in the least deprived neighborhoods, men and women living in the most deprived neighborhoods experience a Cancer Epidemiology (Tables 3 and 4 , model 3) substantially reduces the association between cancer mortality and neighborhood deprivation. However, mortality remains significantly higher in the most deprived neighborhoods for all-cancer among men (1.11; CI 1.09-1.13) and women (1.09; CI 1.07-1.12); for lung cancer among men (1.11; CI 1.07-1.15) and women (1.36; CI 1.27-1.45); for pancreatic cancer among men (1.17; CI 1.07-1.27) and women (1.14; CI 1.04-1.25) and for female colorectal cancer (1.08 1; CI 1.01-1.16) compared to individuals living in the least deprived neighborhoods. Colorectal cancer among men no longer differs by level of neighborhood deprivation after controlling for individual SEP.
Finally, controlling for population density (Tables 3 and  4 , model 4) shows that there are some associations between population density and all-cancer mortality and cancer of the lung and breast. The most striking finding is the high lung cancer mortality among women in neighborhoods with a high versus low population density (1.34; CI 1.25-1.44). Controlling for population density also diminishes the association with neighborhood SEP for female lung cancer, while for the other cancer sites little to no changes are observed.
Discussion
Our study aimed to investigate the association between individual and neighborhood deprivation and site-specific cancer mortality among Belgian adults. Belgium is an interesting study-area for this type of research as mortality for several cancer sites is particularly high compared to the WesternEuropean average. 18 Our findings showed a clear social gradient of increasing mortality by decreasing level of individual SEP for all studied cancer sites among both men and women. In addition, we found a significant association between neighborhood deprivation and all-cancer, lung cancer, pancreatic cancer and female colorectal cancer after controlling for individual SEP. Male colorectal and prostate cancer and female breast cancer were not associated with neighborhood deprivation. We also found an association between population density and all-cancer and lung cancer mortality and to a lesser extent breast cancer. With the exception of female lung cancer, population density had little to no influence on the association between neighborhood SEP and cancer mortality.
Our results support previous findings of higher cancer mortality in low-SEP areas. [10] [11] [12] [13] The net effect of neighborhood deprivation on cancer mortality is relatively modest compared to that of individual SEP. This is a common finding among multilevel studies and not surprising as individual characteristics are more likely to directly affect health. [5] [6] [7] 15 However, almost two million Belgians live in the category of most deprived neighborhoods for which we observed increased cancer mortality net of individual SEP, so the health impact should not be underestimated. Of the cancer sites included in our study, lung cancer mortality showed the strongest association with neighborhood deprivation. This is in line with other studies that have found a strong association between area deprivation and lung cancer mortality 10, 35 and incidence, 9, 13, 16, 35 although some studies did not find any association. 15, 36 American studies have found higher colorectal cancer mortality 37 and incidence 13 in deprived areas, while colorectal cancer mortality was lower in high-income areas. 38 Our results point to a higher colorectal cancer risk in deprived neighborhoods as well, although the association is only significant for women. To our knowledge, this is the first study that has looked at the association between both individual and area deprivation and pancreatic cancer. However, our study shows significantly higher pancreatic cancer mortality in the most versus least deprived neighborhoods, suggesting that not only individual but also neighborhood SEP should be considered as a risk factor.
Several conceptual models of mechanisms and pathways through which area-level characteristics might influence health have been developed. However, much is still unknown regarding the influence of specific area-level indicators and underlying mechanisms and pathways. 39, 40 Associations between place and health are generally assumed to be due to differences in individual characteristics of local residents (composition) or due to differences in local area-level characteristics (context), 41, 42 although in reality composition and context are closely related and not always conceptually clear. 43, 44 In their explanation of contextual effects, Macintyre et al. 43 proposed five categories of small-area characteristics necessary to meet the human needs for a healthy life: physical features; healthy environments at home, work and play; public and private services provided; sociocultural factors and the reputation of an area. The resources necessary to meet these needs are unequally distributed across space, which contributes to health inequalities. The first three categories are opportunity structures in the physical and social environment which can be directly or indirectly health damaging or promoting. 43 Characteristics of the natural and man-made made environment, for example, can have a direct impact on cancer risk through individual exposures to environmental hazards, pollution and unhealthy living conditions. 45, 46 In addition, characteristics such as green spaces, area walkability, transportation and the food availability can influence cancer outcomes indirectly through health behavior, 47 for example, by making it more or less costly or encouraging to undertake health-promoting behaviors, such as eating healthy and being physically active. 45, 48, 49 The availability and quality of health services may have implications for cancer screening, treatment and the presence of co-morbidities as well. 50, 51 The last two categories in the framework of Macintyre et al. 43 refer to collective social functioning, which includes nonmaterial features such as the historical background of the area, norms and values and community support. Common social norms and connections facilitate the transmission of behavior, enforce norms and social control. 52 Social norms can influence risk behavior such as tobacco and alcohol use and diet, which have been identified as the leading risk factors for cancer mortality worldwide. 53, 54 In addition, cancer mortality is substantially lower among individuals with high social support and a large social network.
55 Individuals with a strong social network might receive more encouragements to pursue healthy lifestyles, seek cancer treatment and adhere to this treatment. Their social network can also provide aid and assistance when they are ill and might provide information on health care providers and treatments. 55 Area characteristics thus mostly work through proximate factors which act as mediators between area-level socioeconomic characteristics and cancer mortality. Although these factors generally operate at the individual level, characteristics of the physical and social environment influence cancer mortality indirectly through these proximal pathways as well. 46, 52 In addition, area characteristics can have a more direct effect on individual cancer mortality, for example, through exposure to environmental hazards. 46 Health-related risk behavior and cancer screening are important pathways through which neighborhood deprivation affects cancer mortality. An American study estimated that 45% of the association between area deprivation and cancer mortality could be attributed to modifiable risk factors. 56 The largest share (29%) could be attributed to smoking, 56 which might explain the strong association between lung cancer and neighborhood SEP. Cancer screening could account for 9% of the increased cancer mortality risk in deprived areas. 56 High neighborhood unemployment levels were also associated with lower levels of colorectal screening, 51 while the literature review by Pruitt et al. found mixed results and could not find a consistent pattern regarding cancer screening and area SEP. 40 However, controlling for individual SEP, behavioral factors and cancer screening could not explain all excess cancer mortality in low-SEP areas. 9, 56 Access to healthcare, environmental pollution or chronic stressors could be important area-level risk factors as well. 9, 56 We did not find any association between neighborhood SEP and prostate and female breast cancer mortality, consistent with findings from studies in America and Australia. 10, 15 Previous research showed higher breast cancer survival 57 and higher breast cancer incidence in high-SEP areas, 58, 59 which could possibly cancel out effects on mortality. The findings for prostate cancer incidence are more varying, and studies either point to a positive, negative or no association. 8 However, neither of these studies controlled for individual SEP. Studies including both individual and area SEP have found a lower incidence in high-SEP areas. 8, 13 We found evidence of an association between population density and lung cancer among women. In particular, women living in densely populated neighborhoods experience substantially higher lung cancer mortality rates. This is in line with previous research showing 30% higher lung cancer mortality rates among Belgian women in urban areas. 23 In Sweden, population density was found to have a strong effect on lung cancer mortality as well. 25 Behavioral habits might play a role, as a higher smoking prevalence has been found in urban compared to non-urban areas in several westernEuropean countries, especially for women. 60 In addition, higher levels of air pollution might contribute to the increased lung cancer mortality risk in densely populated areas. Several studies have found an increased risk of lung cancer mortality as a result of (traffic-related) urban air pollution.
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Strengths and Limitations
There are several methodological and statistical issues related to neighborhood effects research, including the definition of area deprivation; definition of neighborhood; choice of appropriate statistical model and controlling for individual and other confounding factors. 5 There is no directive on how to measure neighborhood SEP and previous studies either used single indicators or a composite deprivation index. 37, 58 A deprivation index captures multiple dimensions of neighborhood SEP, and thus acts as an overall indicator of deprivation, 16, 37, 58 but might mask variation in associations for each separate indicator of deprivation. 5 By including multiple individual SEP indicators we tried to reduce the possible confounding effect of individual characteristics on neighborhood SEP, so as not to overestimate the effect of neighborhood deprivation. 5 On the other hand, individual and neighborhood characteristics might also influence each other. For example, neighborhood characteristics might impact upon the SEP of local residents 52 ; in other words, individual SEP may thus be one of the pathways through which area characteristics influences cancer mortality. If this is the case, controlling for individual SEP could result in an underestimation of the independent effect of area-level SEP. 40, 65 Previous studies found a stronger effect of neighborhood SEP when including a lag time, 9 ,59 so we might have underestimated the effect of neighborhood SEP by not accounting for length of residence. However, we found similar results when repeating the models with long-term residents (who lived in the neighborhood for at least 10 years), and for long-term residents using neighborhood deprivation measured in 1991 (results not shown). Finally, the effects of neighborhood deprivation tend to be larger for small-area units, although an association was also found for larger area units such as municipalities and regions. 7 We have used statistical sectors in order to measure the SEP of the residential environment close to individual's homes. The statistical sector is the lowest level for which data are collected and is therefore the best available proxy for neighborhoods in our study. Still, administrative units might not always reflect neighborhoods as perceived by residents. 5 A limitation of our dataset is the lack of information on behavioral and healthcare factors and the inability to distinguish between cancer incidence and survival, which prevents us from giving further insight into specific causal pathways between neighborhood deprivation and cancer mortality. As mentioned before, health-related behavior and cancer screening account for a (large) share of the association between neighborhood deprivation and cancer mortality. 56 In addition, underlying trends in incidence and survival might give more insight into inequalities in cancer mortality, especially for specific cancer sites. Inequalities in survival tend to be larger for cancer sites with a better prognosis such as breast and colorectal cancer, 4 and in some studies, conflicting trends regarding inequalities in incidence and survival are observed, as was the case for breast cancer. [57] [58] [59] Despite these limitations, our study overcomes many of the issues pointed out by previous studies. 10, 35, 51 The large population based dataset allows us to look beyond all-cancer mortality and to explore the association between individual and neighborhood deprivation and mortality for specific cancer sites while maintaining sufficient statistical power. The dataset covers the entire Belgian population, enhancing the generalizability of the results. In addition, detailed information on the date of birth and the date of death allows us to calculate the exact time at risk. Using multilevel models, we account for the hierarchical data structure of individuals nested within neighborhoods ensuring a more accurate estimation of neighborhood effects. 5 To our knowledge, this is the first study to look at the effect of deprivation at both individual and neighborhood level for mortality from allcancer and site-specific cancers in a European context. It is also the first study to look into pancreatic cancer, providing valuable knowledge on the effect of area deprivation for this cancer site.
Conclusion
Our findings suggest that deprivation at both the individual and neighborhood level is associated with all-cancer mortality and mortality from several cancer sites. Living in deprived neighborhoods has a negative impact on cancer mortality over and above the composition of the population for all-cancer, lung cancer, pancreatic cancer and female colorectal cancer. Population density affects the association between neighborhood deprivation and mortality for lung cancer, but not for the other cancer sites. Our study shows that deprivation at both individual and neighborhood level is associated to cancer mortality, providing further evidence of a complex interplay between individual and contextual factors. Our study paves the way for future research looking more in-depth into the role of lifestyle-related and clinical risk factors in explaining individual and neighborhood socioeconomic disparities in order to get more insight into specific causal pathways.
